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ABSTRACT 
A COMP ARJSON OF NUTRITIONAL KNOWLEDGE, EA TING ATTITUDES, TRAINING 
REGIMENS, AND BODY COMPOSITION BETWEEN NORMAL AND ABNORMAL 
MENSTRUATING FEMALE ADOLESCENT CROSS COUNTRY ATHLETES 
Dena Maureen Block 
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Eastern Illinois University 
1999 
The purpose of this study was to compare factors that may influence menstrual 
irregularities of female adolescent high school cross-country runners, ranging from 13-18 years 
of age. A survey was utilized to determine the subjects age, year in school, exercise history, 
menstrual history, and training regimens and where the subjects sought nutritional information. 
The groups were separated according to their current menstrual status. One group (normal) 
consisted of subjects who currently had a normal menstrual cycle for at least one year ( n= 17), 
while the other group (abnormal) (n=l8) experienced an irregular menstrual cycle. 
A twenty item questionnaire was administered to collect data that would reveal the 
nutrition knowledge of the subjects. The nutrition knowledge questions addressed topics such as 
fluids and hydration, nutritional supplementation, the pre-competition meal, special dietary 
concerns, and general nutrition. Body composition was assessed using an age and sex specific 
skinfold equation (Slaughter et al., 1988). 
No significant differences were observed (p>.05) between the two groups of adolescents 
for training behaviors, height, weight, or body composition. Unpaired t-tests were performed to 
determine if there were any statistically significant differences in the overall nutrition 
knowledge scores between the two groups. Chi-square analyses were performed to compare the 
number of correct answers between groups for each individual question. 
The investigation did show differences in two of the nutritional knowledge questions, 
one question from the pre-(;ompetition meal category, and one question from the fluids and 
hydration section. The major finding was that 77% of the normal subjects answered the question 
about carbohydrate loading enhancing performance in sprinting events such as the 400 meter run 
correctly, and only fifty-five percent of the abnormal group answered the question about 
carbohydrate loading correctly. Twenty-nine percent, (5 out of 17) of the normal and 83.3% ( 15 
out of 18) of the abnormal subjects correctly answered the question regarding consuming 2, 
eight ounce glasses of water for every pound of weight lost is adequate for rehydration. 
Questions for each subtopic were grouped together, the biggest difference occurred in the 
special dietary concerns section. Sixty-four percent of the nonnal versus forty-nine percent of 
the abnormal subjects answered the questions in this subtopic correctly. This could be 
contributed to the focus of these five questions. The section focused on weight loss, body 
weight, exercise, and eating disorders, all things that are thought to be contributing factors to 
abnormal menstrual cycles. 
This investigation also revealed other important information about female adolescent 
cross-country runners. Many of the subjects reported that they neglected protein in their daily 
diets, and primarily excluded breads, sweets, and fast foods from their daily routine. Coaches 
were the subjects leading source of nutritional information. 
Neither nutritional knowledge nor attitudes greatly influence the food practices of many 
athletes of this young age. This study supports the suggestion that food habits of female athletes 
may have been shaped by a motivational desire to be thin rather than by nutrition knowledge and 
attitudes. 
In this study, additional factors, situational or motivational , may have a influenced the 
subjects' dietary choices. One may conclude, that the subjects in this study did not choose to eat 
foods with great nutritional value because low-nutrient, energy-dense foods may have been more 
accessible and appealing than the preferable, nutrient dense foods. 
Overall, the factors that affect the menstrual irregularities of female high school cross 
country runners could not be found with the procedures of this study. It may be concluded that 
not one specific measure is responsible for an adolescent to experience menstrual disorders, 
rather a varying combination of traits such as age, exercise history, nutritional habits, and 
nutritional knowledge. 
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CHAPTER I 
INTRODUCTION 
As the number of women participants in sport proliferates, the factors that 
influence food and nutrient intake of female athletes becomes increasingly important. 
For example, nutritional status is an important factor in the ability to achieve peak 
athletic performance, regardless of the sport (Collison, Kuczmarski , & Vickery, 1996). 
Sound nutritional practices should be an integral part of every athlete ' s training program. 
Because, suboptimal nutrition practices can limit performance and may cause inj ury. 
Many of the young women who do participate in vigorous athletics do so with pride and 
a sense of joy. Unfortunately the athletes have coaches, parents, and physicians that 
dispense misleading information, thus allowing the sense of joy and pride to be 
dampened by health concerns. Sometimes, the athlete's performance can be impaired, 
and in the case of women, their personal health can be put at a risk. 
A review of literature regarding nutrition and the potential health risks associated 
with inadequate nutrition, excessive focus on weight management, and limited nutrition 
knowledge of female athletes suggest the need for more nutrition education. Many 
endurance athletes and their coaches believe that lower body weight will produce faster 
times. For female athletes, attempting to control their weight without the proper 
nutritional knowledge can result in many problems such as disordered eating, 
amenorrhea, and future health problems such as osteoporosis (Wiita & Stombach, 1996). 
Nutritional knowledge is a important factor in the health of young athletes. To make the 
decisions about eating a proper diet easier, training tables are now being geared towards 
the female athlete as tl·1ey begin to emerge in prominence (Werblow, Fox, & Henneman, 
1978). 
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The amount of adequate nutrition may vary depending on the size of the athletes, 
and the particular sport they are participating in. For the young female athlete, 
menstruation is something that is often thought of as less than desirable. Therefore, when 
menstruation ceases, the thought is not one of a complication, but more of a feeling of 
relief. Women who are long-distance runners may experience amenorrhea. The term 
·<athletic amenorrhea'' refers to a wide spectrum of reproductive system abnormalities 
and is defined as experiencing 0-3 cycles within the previous 12 months (Yeager, 
Agostini , Nattic, & Drinkwater, 1993 ). Amenorrhea is characterized by estrogen 
deficiency, and has many comparisons to menopause. It is classified as primary if 
tnenarche has not occurred and as secondary if menstruation has been normal and then 
ceases. Female athletes are more likely to become amenorrheic if they experience rapid 
weight loss, and have a low body weight. Other possible causes of amenorrhea include 
irregular menstrual per1ods before the start of intense exercise due to extreme emotional 
stress and a restrictive diet. An estimated 3-5% of sedentary women suffer from 
amenorrhea but the prevalence is strikingly high among athletic women (Clark., Nelson, 
&Evan, 1993). 
Changes that occur with growth and development during adolescence increases 
nutritional requirements. Today many adolescent girls are involved in activities that 
require an incredible amount of energy and nutrients. Many times the adolescent's desire 
to conform to today's ideals of a thin physique, coupled with the increase in physical 
exercise may cause a decrease in the quantity and quality of their diets. Since 
adolescence is a critical time for growth and development, parents, coaches, and 
professionals need to be aware of the increased nutritional needs and factors that 
influence food consumption and behavior in these young athletes. (Perron & Endres, 
1985). 
Purpose of the Study 
The purpose of this study was to compare nutritional knowledge, eating attitudes, 
training regimens, and body composition between normal and abnormal menstruating 
female adolescent cross country athletes. 
Limitations of the Study 
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As with any questionnaire, unanswered questions and inaccurate responses could 
result in a misinterpretation of the overall findings. The subjects used in this study were 
high school athletes, therefore their education level should be taken into consideration. lt 
should also be recof:irnized that the subjects in this study were a convenience sample and 
not necessarily representative of the female high school population. 
Definitions of Terms 
The terms listed below have been defined for the purpose of this study: 
Age at Menarche- The age at onset of menstruation. 
Amenorrheic- A individual experiencing 0-3 menstrual cycles \Vithin the previous 12 
months due to a wide spectrum of reproductive system abnormalities including altered 
pubertal progression, and anovulation. 
Athletic Amenorrhea- An athlete experiencing amenorrhea due to intense training. 
Eumenorrheic- An athlete experiencing 10-12 months cycles within the previous year. 
Oligomenorrhea- Denotes irregular cycles occurring from 33 to 90 day intervals; 
irregular menstrual cycle with less than six cycles per year. 
Primary Amenorrhea- The absence of menstruation in women who have never had a 
menstrual period. 
Secondary Amenorrhea- Refers to the absence of menstrual cycles in women who have 
had established periods. 
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CHAPTER II 
REVIEW OF LITERATURE 
The purpose of this study was to determine what factors are associated with the 
menstrual irregularities of female high school cross country athletes. 
The research literature that is pertinent to this study will be described in this 
chapter. Included will be the following topics: l) Etiology of athletic amenorrhea; 2) 
Consequences of athletic amenorrhea; 3) Management of athletic amenorrhea. 
Potential Causes of Athletic Amenorrhea 
With increased participation of women in sports, a new clinical entity has 
emerged; the female runner who seldom or never menstruates. Several investigators 
have studied the mechanisms through which running affects menstrual function. Many 
contributing factors have been postulated in the etiology of athletic amenorrhea. 
Contributing factors, most frequently cited are a decrease in body fat content, acute and 
chronic hormonal changes as a result of sustained intense exercise and psychological 
stress. 
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It has been believed that when body fat falls below a critical level the athlete 
becomes amenorrheic (Hellemans, 1990). Often coupled with weight related conditions 
are nutritional inadequacies. Women who suffer from athletic amenorrhea have 
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significantly lower dietary intakes of many vitamins and minerals, which leads to low 
intake of protein, fat, riboflavin, and calcium. Therefore, women athletes who consume 
significantly less calories than they are expending are put into a metabolic deficit 
(Kaiserauer, 1988). 
Restrictive Diet 
Those activities associated with the highest incidences of amenorrhea are those 
with the requirement of maintaining a low body weight for competitive reasons. There is 
good reason to believe that diet plays a major role in the etiology of athletic amenorrhea. 
Poor nutrition in general can be a contributing factor and more specifically, low energy, 
fat and calcium intakes, and a vegetarian diet, have all been associated with athletic 
amenorrhea (Collison, Kuczmarski , & Vickery, 1996). Frequently there is an obsession 
with avoiding dietary fat intake. Dismissing high fat foods, red meat and dairy products 
from their diet, contributes to an inadequate intake of fat soluble vitamins. (Hellemans, 
1990). The link between diet and athletic amenorrhea has been examined in several 
studies. These studies have revealed low and inadequate caloric intake among 
amenorrheic athletes. In several early studies, simple weight loss was suggested to be a 
factor in producing amenorrhea among sedentary women (Rosen, McKeag, Hough, & 
Curley, 1986). Twenty years ago, Fristich and McArthur proposed a "critical weight 
concept," stating that there is a set amount of body weight required to initiate and 
maintain menses. Frisch reported a h;gh incidence of delayed menarche and menstrual 
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irregularity in underweight ballet dancers. From the results of a study of 181 college 
aged girls, Frisch postulated a critical weight ( 48g) ( 105. 6 pounds) and a level of 17% 
body fat necessary to have a menstrual cycle. Later Frisch stated that establishment of 
normal menstrual cycling requires a minimum of 22% body fat (Litt, 1986 ). The authors 
found that athletes experiencing irregular menses had significantly lower body weights 
than their counterparts. Unfortunately, the overall relationship between weight-loss and 
menstrual dysfunction is not well understood. Bullen and colleagues ( 1985), studied 
two groups of college women who were involved in an equally strenuous aerobic 
exercise program. One group was maintained at their preparticipation weight, and the 
other was allowed to lose weight. Menstrual abnormalities were found in the group that 
lost weight (Bullen, Skrinar, Batonist, 1985). Lutter and Cushman (1982), surveyed 
approximately 900 recreational runners and reported that weight loss greater than 10 lb 
and body weight less than 115 lb were associated with an increased incidence of 
amenorrhea. 
When young women choose to follow a restrictive diet, nutritional inadequacies 
become a major factor in the role of good health. Following a restrictive diet even in the 
absence of physical training, can be a potential contributing factor to menstrual 
dysfunction (Benson, Engelbert-Fenton, & Eisenman, 1996). The relationship between 
nutritional intake and exercise training remains elusive. Since many athletes expend a 
!:,'Teat deal of energy due to training, and then don' t consume the additional calories 
needed for caloric balance, speculations are made that inadequate nutrition may be a 
factor contributing to menstrual dysfunction. In a study conducted by Collison, 
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Kuczmarski, and Vickery, ( 1996) the effectiveness of a nutrition education program on 
the knowledge, attitudes, and nutrient intake of 28 female athletes were evaluated. They 
found evidence that amenorrheic athletes consume less energy than regularly 
menstruating athletes. This evidence coupled with the discovery that exercise does not 
necessarily lead to an elevated resting metabolic rate, suggests that an athlete with 
menstrual irregularities may be characterized by a negative energy balance and reduced 
resting metabolic rate (Collison, Kuczmarski , & Vickery, 1996). Benson, Engelbert-
Fenton, and Eisenman ( 1996) supported this hypothesis in a recent study. Their subjects 
included thirty-one female high school athletes, between the ages of 13 and 17. The 
athletes were measured for height, weight, percentage of body fat, and dietary intake. 
The authors found that the resting metabolic rate of amenorrheic runners was 
significantly lower than that of eumenorrheic runners and sedentary controls overall 
caloric intakes (Benson, 1996 ). 
It has been suggested that the cessation of reproductive function is an energy 
conserving adaption to an energy deficient diet. Deuck, Matt, Manore, & Skinner ( 1996) 
reported that amenorrheic women do consume diets similar in composition to those of 
eumenorrheic athletes but with smaller energy contents. Their subject was a 19-year-old 
amenorrheic runner that was placed in a diet and training intervention program for 15 
weeks during the competitive portion of her sophomore collegiate track season. Prior to 
the intervention program, the amenorrheic subject's estimated energy intake was 3,045 
kcal/day with an estimated energy expenditure of 3,200 kcal/day. Through dietary 
supplementation and the addition of I day of complete rest to her training, the subject 
increased her energy intake to 3,683 kcal/day. The amenorrheic subject did resume her 
menstruation and displayed normal menstruation function for two consecutive months. 
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Five studies in the past ten years have reported the average daily intake for 
eumenorrheic runners to be between 1,900 and 2,250 kcal/day, their amenorrheic 
counterparts reported an average energy intake between 1, 550 and 1, 750 kcal/day. 
Therefore, it has been concluded that anovulation and cessation of menstruation are 
adaptions by the body to metabolic demands that are not met by energy intake (Dueck, 
Matt, Manore, & Skinner 1996). Nelson 's study ( 1986) showed an average caloric intake 
of 1730 kilocalories (kcals) among amenorrheic women. Meanwhile eumenorrheic 
women consumed an average of 2250 kcals. 
Conversely, Jonnavithula ( 1993) argues that total caloric intake is not associated 
with menstrual dysfunction. This study showed similar en\!rgy intakes between 
amenorrheic ( 1582 kcals) and eumenorrheic ( 1567 kcals) athletes. 
Although the association between diet and amenorrhea varies in certain studies, 
caloric intake can affect the hypothalamus. The hypothalamus can sense nutritional 
imbalance, and it has been suggested that the cessation of menstruation is an energy 
conserving adaptation to an energy deficient diet (Deuck, 1996 ). The hypothalamic-
pituitary reproductive pathway is suppressed in order to conserve enerbry, and as a result, 
amenorrhea occurs. 
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Low Body Weight 
It has been widely believed that when body fat falls bdow a critical k vd the 
athlt::k bt::come::; amt::norrht::ic. Tht:: avt::rage young woman has a body fat content of 22% 
to 26%. Women experiencing an appreciable drop in body weight often have an 
ac4uired amenorrhea or oligiomenorrhea (Diddle, 1983). Although the endocrinological 
mechanism is uncertain, it is known that low body fat is associated with alterations in 
dit::l (Hdit::mans, 1990). In studies examining the link between athletic amenorrhea and 
remalc runners, many have found a relationship between low body weight and menstrual 
irregularities (Drinkwater 1986, DeSouza 1991 , & Jonnavithula 1993). 
Menstrual disturbances were found to be associated with low body weight in a 
study conducted by Carlberg, Buckman, Peake, and Riedesel ( 1983). They gave 
4ut::stionnaires to 254 female athletes (age ranged from women in their twenties to 
forties) and 426 nonathletic control subjects. Included were questions about menstrual 
an<l n::productivt: history, age, body size, and athletic activity. They found that half the 
athlett:s wt:re abie to ci tt: specifk changt:s in tht:ir mem;truation associated with athletic 
training. Low body weight was the factor most commonly associated wi th amenorrht:a in 
these athletes. Amt:norrheic athletes typically weigh less than eumc.-:norrheic athletes or 
st::dentary controls (Drinkwater 1986, Drinkwater 1990, Desouza 199 1, Harber 199 1, 
Rigotti 199 i ). Carlberg also showed that athletes with amenorrhea were significantly 
lighter than those athletes with normal menstruation. The largest difference was in total 
body weight and perct:ntage of ideal body weight. Percent body fat, fat weight, and lt:an 
bo<ly weighi wt:rt: sik'lliiicantly lower in the amenorrheic athletes. Therefore, it is 
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apparent that menstrual irregularities may be related to low body weight and low levels 
of body fat. Distance runners have a percentage of body fat below 20% compared to an 
average of 22-26% among non-athletic women (Carlberg, Buckman, Peake, & Riedesel, 
1983). 
The low fat content and body mass from these athletes reflects, to some degree a 
positive adaption to the severe energy requirements of distance training. In most cases 
female athletes know that they need to gain a small amount of weight in order to regain 
their menses. Unfortunately, concern regarding body image and fear of weight gain 
despite being very lean and active clouds their judgement. 
Vegetarianism and Protein Deficiency 
A possible external variable influencing menstrual function is vegetarianism. 
Carlberg, Buckman, Peake, and Riedesel, ( 1983) studied the factors which may 
contribute to amenorrhea by administering questionnaires to 254 female athletes and 426 
nonathletic controls. They found an association of vegetarianism with athletic 
amenorrhea might be related to hormonal changes that have been reported to accompany 
dietary alterations. These changes in pituitary, gonadal, and adrenocortical function 
relate to a vegetarian diet. (Hill and Wynder 1976). Schwartz, et al., (1981) reported 
that amenorrheic runners consumed a smaller percentage of their calories as protein than 
regularly menstruating runners. Clark, Nelson, & Evans ( 1988) reported protein 
deficiency is more common among runners than suspected. In a study of 53 women who 
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competed in the 1984 Oiympic marathon trials, l I% ate less than the RDA for protein. 
Brooks, Sanborn, Albrecht, and Wagner, ( 1984 ), noted that more female runners with 
amenorrhea were vegetarians, compared to those who regularly menstruate. Similar 
findings were also reported by Benson ( 1996) who showed that a greater percentage of 
amenorrheic runners (25%) than eumenorrheic runners ( l I%) were considered to be 
vegetarians (Benson, 1996). Nelson, Fisher and Catsos ( 1986) found that 82% of the 
amenorrheic athletes in their study ate less than the recommended dietary allowance for 
protein. 
Brooks, Sanborn, Albrecht and Wagner, ( 1984) analyzed in detail the diets of 
eleven amenorrheic and fifteen regularly menstruating athletes. Dietary records were 
kept for seven consecutive days. During this study they noted that most female runners 
with amenorrhea were vegetarians. The runners who had regular menstrual cycles were 
five times more likely to eat meat than the amenorrheic runners. If a runner in this study 
ate less than 200 g per week of meat, they were classified as a vegetarian. Of the 
amenorrheic group, nine (82%) were vegetarians, and only two ( 13%) of the regularly 
menstruating runners were vegetarians. 
Females lacking in protein need to be infonned that they do need an adequate 
dietary intake in order to carry out every day activities. A safe intake for female ath letes 
is about .5g to . 75g of protein per pound of body weight, which is higher than the current 
recommended dietary allowance for sedentary people. Therefore, for a 120 pound 
woman, this comes to 60g to 90g of protein ( 13% to 20% of an l ,800 calorie diet). 
Surveys of runners show that those with amenorrhea tend to eat less red meat and are 
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more likely to follow a vegetarian diet (Clark, 1993 ). Even though red meat has a higher 
fat content, an overall low-fat sports diet needs to accommodate some fat. In many 
instances, athletes may begin by dismissing red meat from their diet with an exaggerated 
perception that if they eat fat, they'll get fat. 
Overall, researchers have tried to determine ifthe lack of red meat per se is 
associated with menstrual irregularity, or if it is a lack of adequate protein in 
combination with other dietary inadequacies that contributes to amenorrhea (Clark, 
Nelson, & Evans, 1988). 
Training Volume 
Many competitive female athletes may participate in two-exercise training 
sessions per day, easily expending over 1,000 kcal/cal per day in exercise alone. 
Research shows that for active women, an intense bout of exercise triggers the release of 
an array of hormones triggering many harmful cycles in the body. The typical 
amenorrheic woman is thin, practices a low-fat diet and is involved in a extensive 
training program. Athletes feel pressure from many outside forces to be the very best. 
As athletic performance improves, records become more impressive. As a result, high 
demands are placed on athletes to improve their techniques and the physical state of their 
bodies. Many athletes go to incredible and sometimes life threatening lengths to improve 
their strength, speed, and endurance. 
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Studies have revealed that exercise duration is highly linked with menstrual 
dysfunction (Drinkwater 1984, Drinkwater 1991 ). The variable in these studies was the 
number of miles run per week. Feicht (1978) revealed that only 6% of those running less 
than 10 miles per week experienced amenorrhea, while 43% of the athletes who ran more 
than 70 miles per week were amenorrheic. Amenorrheic athletes consistently train more 
days per year than their eumenorrheic counterparts (Diddle, 1983 ). Lutter and Cushman 
( 1982) surveyed 350 female runners in the 1980 Boston Marathon and the Bonne Bell 
10-km race. Sixty-one percent of the amenorrheic runners surveyed trained daily, while 
another 30.8% trained four to six days per week. A similar pattern was observed when 
weekly mileage was considered, 61 .5% ran more than 50 miles per weekJy and 23.1 % 
ran 31 to 50 miles a week. Lutter and Cushman found that 62% of the amenorrheic 
n·nners trained seven days a week compared to only 9% of eumenorrheic (Dueck, 1996 ). 
An exact distance needed for the onset of amenorrhea has not been detennined. These 
studies show only that those athletes running a significantly greater distance are more 
prone to developing amenorrhea. 
Baker ( 1981 ), found in the one third of athletic women studied who had acquired 
amenorrhea, those who had a high incidence of menstrual aberrations, had a rise in the 
mileage they covered each week. They found that long-distance runners were affected 
more than joggers and joggers more than nonathletes. About 40% of those running more 
than 80 miles a week became amenorrheic. 
Kaiserauer, Snyder, Sleeper, and Zierath ( 1988) reported the nutritional , 
physiological, and menstrual status of distance runners. Twenty-four women volunteered 
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to participate in the investigation. The subjects completed a daily exercise log detailing 
the mode and duration of their exercise, and the subjects were asked to complete a 3-day 
diet record. In this investigation they found that the number of miles run per week might 
be a contributing factor to the genesis of athletic amenorrhea and reported a greater 
prevalence of amenorrhea among women running greater than 30 miles per week. 
Other studies have shown no correlation between mileage and amenorrhea 
(Nelson 1986, Glass, 1987). In the study by Glass ( 1987), l 9% of the athletes were 
amenorrheic. These athletes were lighter and leaner, but were not running significantly 
!:,YTeater distances. Training speed has not been indicated as a cause for amenorrhea. 
During training activities, amenorrheic and eumenorrheic women seem to run at the 
same pace Baer, 1993). 
Consequences of Athletic Amenorrhea 
The fact that strenuous training may affect the productivity and health of female 
athletes has been discussed throughout. Depending on the athlete, age, sport, level of 
activity and nutritional status may all be determining factors in the etiology of 
amenorrhea in the female athlete. Regardless of the cause, clinical consequences are the 
end result. 
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Skeletal Problems 
Lloyd, Triantafyllou, Baker, Houts, Whiteside, Kalenak, and Stumpf ( 1985) 
determined that premenopausal amenorrheic women who engage in vigorous exercise 
programs also had a decrease of 20-30% in spinal trabecular bone. They performed a 
three-phase study to evaluate the effect of menstrual status upon musculoskeletal injuries 
in female athletes. These researchers found that athletes with exercise associated 
menstrual irregularity are at increased risk of bone fractures. Specifically, radiologically 
documented bone fractures occurred in only 9% of female athletes with regular menses, 
but in 24% of female athletes with irregular or absent menses (Lloyd, et al. ) With this 
study in mind, it is important to state that the most serious consequence of exercise 
associated menstrual dysfunction is its impact on the skeleton. A fai lure to reach an 
adequate peak bone mass, loss of bone, and a increased rate of stress fractures are all the 
result in athletes who have prolonged periods of hypoestrogenism (Constantini, l 994 ). 
Several factors may cause these problems, such as genetics, intensive exercise, and 
negative energy balance. Changes in bone mass may occur at varying rates, depending in 
the type of bone. Decreased bone mineral density seems to be a common finding in 
amenorrheic athletes. This reduced bone mineral densities may be blamed on low 
circulating estrogens. Amenorrhea is a sign of a decrease in the production of estrogen. 
When the menstrual dysfunction occurs, estrogen levels drop resulting in rapid bone loss 
(Benson, 1996 ). 
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Typically, amenorrhea is viewed as multifactorial due to estrogen deficiency, low 
body mass, and marginal nutrition. A study conducted by Monahan ( l 987) found that 
amenorrhea is accompanied by low production of estrogen, which protects and maintains 
bone density. The young amenorrheic athletes in this study were running on bones as 
fragile as those of 50 year old women (Monahan, 1987). The amenorrheic athlete 
typically displays reduced levels of estradiol and progesterone and have honnonal 
profiles similar to those of postmenopausal women. These hormonal imbalances 
associated with menstrual cessation are likely to remove estrogens protective effect on 
bone, making these women vulnerable to the depletion of bone mineral. The reduced 
levels of endogenous estrogen associated with amenorrhea again causes lack of 
formation of adequate bone density and the development of an appropriate "bone bank.,. 
Many physicians prescribe hormonal therapy or may choose to place amenorrheic 
athletes on oral contraceptives (Deck, 1996). Unfortunately, many female athletes 
decline the oral contraceptive due to the association of performance hindering side 
effects such as weight gain. According to endocrinologist Jerilynn Prior, MD. , "If you 
think athletic amenorrhea is a disease, then you treat it like a disease. You intervene and 
suppress whatever bad thing is going on by giving estrogen replacement therapy, say, in 
the fonn of birth control pills." (Monahan, 1987). 
Some amenorrheic young adult females have the bone mass of middle-aged 
women. Deuster, Kyle, Moser, Vigersky, Singh, and Schoomaker, (1986) conducted a 
study to determine whether nutritional inadequacies contribute to athletic amenorrhea. 
Dietary intakes, height, weight, percent fat, and training distance were compared in 
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highly trained amenorrheic and eumenorrheic runners. In this study, bone density in the 
lumbar region was 14% lower in amenorrheic athletes who ran nearly twice the mileage 
compared to athletes with regular menstrual cycles. This is troubling because these 
amenorrheic athletes were actually losing bone during a period of potential bone growth. 
Rencken, Chestnut, and Drinkwater ( 1996) conducted a study to determine if 
there is a generalized loss of bone mass at multiple skeletal sites in amenorrheic athletes 
compared to eumenorrheic athletes. Forty-nine athletes aged 17 to 39 years, were 
selected and their bone mineral densities were measured by dual-energy x-ray 
absorptiometry. They found that the amenorrheic athletes had significantly lower BMD 
at the lumbar spine, femoral neck, trochanter, and tibia. They concluded that extended 
periods of amenorrhea may result in low bone density at multiple skeletal sites. 
Musculoskeletal injuries, particularly stress fractures, among athletes with 
menstrual irregular1ties are common. Barrow and Saha, ( 1988) reported that athletes with 
menstrual irregularities were found to have not only an increased incidence of stress 
fractures, but multiple ones (Constantini, I 994 ). It seems that amenorrheic athletes are 
more susceptible to stress fractures due to overuse of bones weakened by osteopenia 
(Constantini , 1994). Concurrently, nutritional problems magnify the problem. If 
amenorrhea persists, the benefits of exercise on bone mass are negated, and the r1sk of 
musculoskeletal injuries during exercise increases. 
Lloyd, Triantafyllou, Baker, Houts, Whiteside, Kalenak, and Stumpf, ( 1986) 
found that women athletes with menstrual irregularity have increased musculoskeletal 
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mJunes. They perfonned a retrospective three-phase study to evaluate the effect of 
menstrual status upon musculoskeletal injuries in female athletes. The menstrual and 
running histories of women participants in a regional 10-km footrace were collected. 
The results showed that 61 % of the respondents reported a continuous running program, 
and 39% reported an interruption of at least three months of their running program. The 
most common cause for interruption was injury. 
Prevention and Treatment 
"Whether amenorrhea is a response or a disease, the woman 's going to have 
problems if it's not treated," says Mona Shangold, MD, an obstetrician and gynecologist 
(Monahan, 1987). Once an athlete has lost her menses, the main concern of the athlete 
should be how to regain her menstrual cycle. For most women, exercise-associated 
disturbances in menstrual fucntion can be reversed with changes in lifestyle without 
senous consequences. 
To begin with, the athlete must accept that they must attain a realistic body 
weight and percent body fat. Maintenance of at least 17% body fat is often cited as the 
--critical level" for the onset of menstruation and is required to maintain a nonnal cycle 
(Graves, Farthing, Smith, 1991). When secondary amenorrhea has resulted from weight 
loss, a minimum of 22% body fat is required for the resumption of menstruation 
(Carlberg, 1990). Some argunnents have been made that honnonal and metabolic 
disturbances that affect the menses are triggered if the body fat falls below these levels 
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(Baer, 1993 ). 
Secondly, to resume menses, an athlete may only need to cut back on exercising 
by 5% to 15%. Nonnally, if an athlete is injured or stops training they resume their 
mens~s within two months (Clark, 1993 ). In a study by Bonen ( 1994 ), the author that an 
athlete could regulate her menstruation by altering her training intensity during a given 
cycle. The particular athlete studied had a short luteal phase when she increased the 
intensity of her training at 21 years of age (Bonen, 1994 ). Therefore, the amount of 
weight gain may be small enough to not cause a drastic weight change, yet will be 
enough to attain a healthier lifestyle (Perron, 1994 ). 
Deuck, et.al, ( 1996) also investigated the effects of athletic amenorrhea with a 
diet and training intervention program. The purpose of this study was to determine the 
effect of a 15-week diet and exercise intervention program on energy balance, honnonal 
profiles, body compostion, and menstrual function of an amenorrheic athlete. The 
athletes menstrual function ceased during her freshman year when she switched from 
sprinting to distance events and she lost 9 kg of body weight. The intervention program 
reduced training l day/week and included the use of a sport nutrition beverage providing 
360 kcal/day. The 15-week diet and intervention program brought the amenorrheic 
subject into positive energy balance, as evidenced by a gain in body weight. After 
resuming her menses, the athlete reported a dramatic increase in perfonnance that 
occurred when she improved her overall energy balance Deuck, Matt, Manore, & 
Skinner, 1996 ). 
If an alteration in exercise pattern or weight gain does not result in menstruation, 
then the athletes become a candidate for estrogen replacement. If the amenorrhea is a 
recent problem, the estrogen would give the same benefits as observed in 
postmenopausal women (Martin, 1985). 
In all, treatment for amenorrhea is open to debate but, for the time being it 
depends on the athlete and her motivations. 
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CHAPTER lil 
PROCEDURES 
Statement of the Purpose 
The menstrual cycle of the female athlete may be altered by intense exercise. 
Other predisposing factors may contribute to the abnormal menstrual cycle such as 
inadequate nutrition and low body weight. The purpose of this study was to compare 
what factors affect the menstrual irregularities of female high school cross country 
athletes. A description of the subjects, the experimental setting, equipment used, and 
treatment of the data are included in this chapter. 
Subjects 
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The subjects were 36 adolescent females between the ages of 13-18 years from 
the state of Illinois who participated in a summer camp for cross country runners hosted 
by Eastern Illinois University. Prior to participation, an informed consent form was 
signed by each volunteer. Each subject was classified as either normal (n= l 7) 
experiencing 12 menstrual cycles within the past year, or abnormal (n= l8) experiencing 
less than 6 menstrual cycles within the past year. 
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Setting 
Data collection took place at the Eastern Illinois University Human Performance 
Laboratory and in the Coleman Hall Auditorium. Each rnbject presented to Coleman 
Hall Auditorium in the morning to fill out a survey assessing exercise history, menstrual 
history, eating attitudes, and nutritional knowledge. Height, weight, and body 
composition were assessed in the Human Performance Laboratory. 
Characteristics of the Subjects 
The subject's age, date of birth, year in school, and ethnic background, were 
identified. In addition, information as to where the athletes learned about nutrition were 
assessed. 
Anthropometric Measures 
Body weight was measured to the nearest tenth of a pound using a balance scale 
(Health O ' Meter, Inc. Bridgeview, lllinois). Height was measured with a stadiometer to 
the nearest tenth of a centimeter. 
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Body Composition 
Since the subjects used in this study were adolescent girls, an age and race 
specific skinfold equation was used to estimate body composition. Age and race specific 
skinfold equations for estimating percent body fat of children were developed by 
Slaughter et al., ( 1988). The authors used a multi component model reference measure 
to develop the equation using the sum of two skinfolds (tricep and calf) to estimate 
percent body fat. The equation used to determine percent fat from the skinfold 
measurement is shown below. 
Percent Body Fat = .610 (sum of calf and triceps skinfo/d:,) - 5. I. (I) 
The prediction error of the above equation ranged from 3.4 - 3.6 percent. This equation 
was developed to assess the body composition of girls, 8 to 17 years of age. 
A Lange skinfold caliper (Lange Calipers, Cambridge Scientific Industries, 
Cambridge, MD) was used to measure skinfold thickness. Measurements were taken 
from two sites on the right side of the body: one at the calf and the other at the triceps. 
The calf measurement was taken as a vertical fold at the maximal circumference on the 
medial aspect of the leg with the knee flexed slightly. The tricep skinfold site was 
measured as a vertical fold halfway between the lateral projection of the acromion 
process and the inferior margin of the olecranon process on the posterior aspect of the 
arm while the arm hung loosely at the side (Harrison, Burskirk, Lindsay, Johnston, 
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Lohman, Pollock, Roche, and Wilmore, 1988). Three non-sequential measurements 
were obtained at each site with the reading recorded three seconds after the application 
of the caliper. Three measurements were averaged unless one value differed by greater 
than three millimeters from the other two. ln this case, a fourth measurement was taken 
and the outlyer was discarded. 
Fat free body ( FFB) was also calculated and compared between the normal and 
abnormal group. The following was used to estimate FFB. 
Fat Free Body - Body Weight x / 1- (percent body fat 100) / (2) 
Nutrition Knowledge Ouestion.1aire 
A twenty item questionnaire was used to collect data that would reveal the 
nutrition knowledge of the subjects. The questionnaire was developed by Donnall M. 
Hauser, a Masters student at Eastern Illinois University in 1995. The survey was 
designed to assess the nutrition knowledge of high school coaches. The author chose 
five areas to survey, focusing on nutrition for the athlete: l) fluids and hydration, 2) 
nutritional supplements, 3) the pre-competition meal, 4) general nutrition, and 5) special 
dietary concerns. A jury of eight experts, four in the field of nutrition and four in the 
field of exercise physiology, was used to validate the questionnaire. The experts were 
instructed to indicate whether the concept statements were important sports nutrition 
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considerations, to detennine if the questions were really assessing the concept 
statements, and to make comments on concept statements or questions that needed to be 
rewritten. 
The present study measured nutritional knowledge of female high school cross 
country runners, with a survey that covered many aspects of nutrition was necessary. 
The questions, addressed facts about nutritional knowledge of athletic and 
misconceptions frequently held by coaches and athletes. This survey developed for 
coaches assessed the areas of knowledge and infonnation that were desired for the 
present study. The questions were worded in a manner that this adolescent age group 
could easily understand. The questions concerning fluids and hydration ( 4) dealt with 
fluid intake and sports drinks; the nutrition supplement questions ( 4) targeted 
vitamin/mineral and protein/amino acid supplementation; pre-competition meal 
questions (3) focused on the content and timing of the precompetition meal; the general 
nutrition category had questions ( 4) about fuels for exercise and training diet 
composition; and questions about special dietary concerns (5) included topics such as 
weight loss/gain, vegetarian diets, eating disorders, and carbohydrates. 
Menstrual History 
The l 0 questions in this section of the assessment portion of the survey were 
constructed to assess the menstrual history of the subjects. The subject's age at onset of 
menarche and, grade at onset of menstruation, were detennined. The subjects were also 
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asked to identify their menstrual category which was defined as: regular menstruation-
menstrual cycles between 23 and 35 days in length during the previous year, irregular 
menstruation-menstrual cycles longer than 35 days or shorter than 23 days at least once 
during the previous year, and amenorrhea-no menstrual periods during the past six 
months. The subjects were asked how many times within the past twelve months they 
had menstruated. In trying to identify how normal each athlete ' s menstrual cycle was, 
they were asked how many days they averaged between each of their menstrual cycles. 
The subjects were asked if they had less than two periods within a twelve month time 
span. Two final questions were developed trying to identify how many times the 
subjects period ceased for longer than six months, and how long until regular 
menstruation began again. 
Exercise History 
Questions in this section (6) of the assessment portion of the survey were 
constructed to describe the exercise history of the subjects. Exercise history, may be an 
important contributing factor to amenorrhea. High training mileage has been related to 
the cessation of menstruation (Baer, 1993). Subjects were asked whether during the time 
frame when they were not involved in cross country, did they feel they were physically 
more active, less active, or about as active as another person their age. Questions 
assessed the subjects average weekly mileage during their first year as a runner, 
compared to their current year of training. They were also asked if any weight li0ss had 
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occurred due to the training. Subjects who experienced weight loss, were asked how 
many pounds they lost, and over what period of time. Since many factors affect changes 
in menstrual cycles, identifying whether the changes relate to running, training, or weight 
loss is important. The importance of the coach being a role model for many athletes was 
the main focus of the final two questions in this section. Subjects were asked to recall if 
their coach was aware if any menstrual dysfunction was occurring, and if they ever 
discussed the importance of nutrition with them. 
Dietary Habits and Attitudes 
Questions in this section ( 12) dealt with the subject's personal dietary habits and 
attitudes. This was important because many athletes are concerned with losing weight 
which may be a contributing factor to irregular menstrual cycles. Subjects were asked 
to rate their diet by choosing one of the following category ratings~ excellent (4 points), 
average (3 points), below average (2 points), or poor ( 1 point). Foods within five food 
groups including fast foods and sweets, were listed as choices that the subjects consumed 
on a daily basis. The subjects were asked to choose which of the foods they consumed 
on a daily basis. The next question dealt with foods that the subjects perceived as being 
·'bad" for them. The subjects were asked to indicate which foods they avoided in their 
diet~ eggs, red meat, milk, butter, and sugar. The next three questions assessed whether 
the subjects followed a restrictive diet. A vegetarian diet has been shown to be a 
contributing factor to amenorrhea (Carlberg, Buckman, Peake, and Riedesel, 1983). 
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Since many vegetarians have a difficult time consuming adequate amounts of protein, 
each subject was asked whether they felt they were getting adequate amounts of protein 
in their diet. The subjects were asked to identify if they felt proper nutrition will help in 
living a better life. Finally, the subjects were asked to identify if they purchased 
nutritional supplements and an open question was asked as to what type of supplements 
they chose. 
Data Analysis 
Stated hypotheses were tested using t-tests, and chi-square contingency tables. 
Mean scores for nutrition knowledge and food practices were tabulated. Differences 
were considered to be statistically significant when they reached the 0.05 level. 
Descriptive statistics including mean and standard deviation were computed for all 
variables within each group. 
Descriptive statistics were used to describe the subjects age in school, menstrual 
history, exercise history, and diet rating. Means, standard deviations, and frequency 
counts were calculated for variables describing the subjects. Unpaired two-tailed t-tests 
were also used to test for differences between groups in the age of the subjects when they 
first began to menstruate as well as to compare how they felt about their daily diet. 
Unpaired t-tests were also used to compare the two groups for differences in 
exercise history. The number of miles run during their first year, most recent year and the 
amount of weight lost due to the running were all compared. 
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Chi-square tt::sts were used to analyze each individual question to determine the 
differences between the two groups. For each group (nonnal/abnonnal), an overall 
nutrition knowledge score was calculated as the number of correct responses out of 20 
questions. Knowledge scores were also calculated for each of the five nutrition areas; 
fluids and hydration, nutritional supplements, the pre-competition meal, general 
nutrition, and special dietary concerns. Chi-square contingency tables were used to 
compare the number of correct answers for each individual question to determine 
whether differences in nutrition knowledge existed between the two groups. 
CHAPTER IV 
RESULTS 
Introduction 
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The purpose of this study was to compare what factors contribute to the menstrual 
irregularities of female high school cross country athletes. Based upon a questionnaire 
regarding their menstrual status, the subjects were separated into two different groups: 
normal and abnormal. Subjects were classified as normal if they reported ten or more 
menstrual cycles during the previous year and abnormal if they reported three or fewer 
cycles per year. 
The presentation of results will be organized as follows: 1) description of 
subjects, 2) a comparison of the two groups for current level of training, 3) a comparison 
based on the number of menstrual cycles the subjects have had within the past year, 4) a 
comparison of the nutritional knowledge and attitudes between the two groups and, 5) a 
comparison of body composition between the two groups. 
The data was analyzed using descriptive statistics including mean and standard 
deviation, two-tailed unpaired t-tests, and chi-square. Contingency tables to determine if 
significant differences between the two groups were present. Anthropometric and 
physical variables included: age, height, weight, percent body fat (skinfolds), and fat free 
body weight (FFB) were calculated for each variable (Table 1 ). 
Table l : Physical Characteristics of subjects (n=35). 32 
Measure Normal Range Abnormal Range 
n= 17 n= l8 
Mean ± SO Mean ± SO 
Age (yr) 14. 94 :I: 1.24 13 - 18 14.88 ± 1.83 13 - 17 
Height (cm) 63.64 ± 2.06 59 - 66 63 .66 ± 1.7 1 60 - 67 
Weight (kg) l 1 5. 64 ± 1 5 .4 7 99 - 141 113.33 ± 14.50 86 - 137.5 
Percent Fat 22.70 ± 4.98 16.7-30 22.56 :I: 3.1 10.5 -27.9 
Fat Free Body 89.25 ± 9.88 6 1.3- 113.3 87.12 ± 9.78 68.5 - 100.5 
Age and year in school 
All thirty-seven subjects were members of their respective school cross country 
teams. Thirty-two percent of the subjects were in the eleventh grade, with 20% in the 
ninth, 20% in the twelfth grade, and 14.2% in both the eighth and tenth grade. The 
subjects ranged in age from thirteen to seventeen years. There was no significant 
difference (p>.05) in mean age between the two groups, (normal = 14.9 years vs. 
abnormal 14.8 years). 
Height and weight 
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Mean height did not vary significantly (p>.05) between the two groups, 63.64 
inches versus 63.66 inches. for the normal and abnormal groups, respectively. Values for 
weight were not significantly different (p>.05) between the normal (x = 115.6 lbs.) and 
abnormal group ( = 113. 3 1 bs ). 
Body Composition 
Mean percent body fat was the same (p>.05) for both the normal (22.7%.) and 
abnormal groups (22.5%). There was no significant difference (p>.05) in fat free body 
weight between the normal (x = 89.25 +/-9.88 lbs.) and the abnormal ( x = 87.1 l +/-9.78 
lbs.) groups. 
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In summary, subjects in both groups were no different in age, height, weight, and 
body composition. This could be attributed to the young age of the subjects and the 
varying levels of maturity found among subjects. If the subjects were older, they may 
have shown some differences in body weight and body composition. 
Menstrual History 
The abnormal group began menarche between the ages of twelve and sixteen. 
There was no significant difference (p=.1332) in the mean age at onset of menarche for 
the abnormal ( x = 13.56+/-l.45 years) compared to the normal group ( x = 12.8 +/-
1.054) years. There was a significant difference (p= <.005) in the reported number of 
menstrual cycles within the past twelve months between the abnormal ( x 5.64+/-2.84) 
and normal ( x 11.8+/-3.93) group. The study revealed that 2 out of 18 of the abnormal 
subjects had not yet began to menstruate, while all of the normal subjects had started to 
menstruate. 
Exercise History 
The weekly mileage during the current year of training is shown in Table 2. One 
subject in the normal group did not know how many miles per week she currently ran. 
There was a reported increase in the number of miles run per week between the abnormal 
and normal groups. The abnormal group ran from 15 to 26 miles per week, compared to 
Table 2: Number of miles that the subjects ran during their current year of training (n=35). 35 
Mileage Normal Abnonnal 
(Per \Veek) n= I7 n= l8 
(Percent) (Percent) 
< 20 miles 11.7% 12.5% 
2 1 - 30 miles 35.2% 50% 
31 - 60 miles 47% 12.5% 
unknown 5.8% 25% 
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an increase of 23.4 to 32 miles per week for the normal group. The mean mileage run 
per week for the first year of training for the abnormal group was ( 15.9 miles) compared 
to (23.4 miles) for the normal group. 
Subjects were asked if they had experienced any weight loss as a result of their 
training. Seventy five percent of the abnormal subjects ( 12 out of 18) reported weight 
loss ( x= 8.08+/-4.48 lbs.) , versus 58.8% of the normal subjects ( 10 out of 17) who lost 
an average of 6.8+/-3 .98 lbs. 
Subjects were asked to assess whether they were less, more, or as active as their 
non-athletic peers while not in training. Fifty-five percent of the abnormal group 
reported that they felt they were more active, while 33% of the same group reported they 
were about as active as girls of the same age. Forty-one percent of the normal group 
reported that felt they were more active, while 58% felt they were about as active as 
subjects their own age. 
In summary, the weekly mileage increased from the subjects first year of running 
until their present year. Weight loss between the two groups did not vary between the 
athletes. This could be due to the competition level of the subjects, they were only high 
school athletes, not athletes training for elite competition. 
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Diet Rating 
Nutritional attitudes were measured by a 4-point scale indicating degrees of 
certainty----excellent, average, below average, and poor. Four points were given if the 
subject responded with a high degree of certainty, while, I point was given for a response 
of poor. There was no difference in the mean overall attitude score (2.83+/-0.61 vs. 
2.88+/-.697) between the two groups. 
Of the abnormal subjects, 38.8% (7 out of 18) reported that they did not feel that 
they consumed adequate amounts of protein in their daily diet while only 23.5% (4 out 
of 17) of the normal group felt they did not receive adequate protein in their diet. The 
subjects also were asked to report the foods that they avoided in thei r daily diet (Table 3 ). 
The results revealed that red meat was the most commonly avoided food by the subjects 
in both groups. 
The questionnaire instructed the subjects to check all possible sources from 
which they derived their nutrition information. Many times athletes are susceptible to the 
influence of others. When questioned about whom they would ask for information, 
subjects in both groups stated that their coach was their primary source. Seventy-five 
percent ( 12 out of 18) of the abnormal group and 94% ( 16 out of 17) of the normal 
subjects said they derived their information from their coaches. Questions also assessed 
if the coach was aware if any menstrual dysfunction was occurring, and if the importance 
of nutrition was ever discussed by their coach. Interestingly enough, ninety-four percent 
Table 3: Foods that subjects avoided in daily diet (n=35). 
Food 
Vegetables 
Dairy 
Poultry 
Fish 
Breads 
Pasta 
Red Meat 
Fast Food 
Sweets 
Normal 
n= 17 
18.7% 
31 .2% 
62.5% 
100% 
9% 
35% 
76.4% 
64% 
38.8% 
Abnormal 
n= 18 
17.6% 
23.5% 
52% 
100% 
44% 
50% 
77.7% 
83% 
58.8% 
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of the abnormal and 64.7% of the normal subjects reported that their coach was not 
aware of any menstrual problems. On the other hand, 94% of the normal subjects 
reported that the coach did discuss the importance of nutrition, while 61 % of the 
abnormal reported this finding. 
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The subjects fe lt that their biggest barrier to eating was a combination of time and 
inconvenience. Sixty-one percent of the abnormal group versus 17.6% of the normal 
group agreed that inconvenience was the biggest barrier to eating healthy. This discovery 
is important to note. Eating healthy should not be considered a inconvenience, jt should 
be an important part of an athletes day. The abnormal athletes see eating as a "chore·' 
when they should make time in the day to supply their body with the appropriate 
nutrients. Secondly, fifty percent of normal subjects felt that finding time to eat 
sufficient was their biggest barrier versus 16.6% of the abnormal subjects. 
Fifty-nine percent of the normal subjects and fifty-five percent of the abnormal 
group said that they felt guilty after consuming added calories in their daily diet . Eleven 
percent of the abnormal subjects reported fol lowing a restrictive diet (no fat and low-
levels of calories) and none of the normal subjects practiced a restricted diet. Finally, 
both groups of subjects perceived butter as a unhealthy food choice (Table 4 }. 
Vitamin Consumption 
Fifty percent of abnormal versus seventy percent of normal runners were 
regularly taking vitamin and mineral supplements. 
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Table 4: Foods that subjects perceived as unhealthy. 
Food Nonnal Abnonnal 
(n= t 7) (n=18) 
Eggs I 1% 11 % 
Red Meat 70% 61% 
Milk 1% 0% 
Butter 64.7% 77.7% 
Sugar 64.7% 61 % 
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In summary, the abnormal group reported lower levels of protein intake, and 
vitamin supplementation. While 61 % of the abnormal group felt that consuming food 
was a inconvenience, both groups reported that their coach was the primary source of 
nutritional information, and reported that their coach did discuss the importance of 
nutrition with them. It was also revealed that more of the abnormal subjects (94%), 
compared to the normal subjects (64.7%), revealed that their coaches were not aware that 
they were suffering from menstrual problems. Finally, over half of both groups reported 
a feeling of guilt after consuming added calories in their diet. 
Nutritional Knowledge 
Adolescent girls who acquire a basic knowledge of the concepts and principles 
of nutrition, may then apply those same concepts when choosing their daily diet. Of the 
twenty nutritional knowledge questions, the only individual questions in which a 
significant difference (p>.05) was observed were questions two and nine (Appendix 8). 
Question two asked if an athlete should consume 2 eight ounce glasses of water 
for every pound of weight lost in sweat. Twelve out of seventeen of the normal subjects 
(70%) versus only 3 out of 18 or 16.6% of the abnormal subjects answered question two 
correctly. A reliable indicator of how much water a person should consume is based 
upon body weight. Each pound of weight lost as sweat is equal to two eight ounce 
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glasses of water. 
Question nine assessed carbohydrate loading and its enhancement of performance 
events such as the 400 meter dash. In the abnormal group, 4 out of 17 or 23%, answered 
the question correctly, compared to 10 out of 18 or 55%, of the normal group. 
The number of correct scores per groups for each of the five sub-topics of 
nutritional knowledge were analyzed (Table 5). Within the individual subsections, the 
biggest differences in the number of correct answers occurred in the special dietary 
concerns portion. These five questions dealt primarily with body weight, exercise, 
weight loss, and eating disorders. Of the eighteen subjects in the abnormal group, only 
49% answered the questions correctly, versus 64% of the seventeen normal subjects. 
The second section, fluids and hydration, had four questions concentrating on thirst and 
rehydration. This section showed that 72.5% of the normal and 59.2% of the abnormal 
subjects answered the questions correctly. Finally, the general nutrition section, had four 
questions dealing with carbohydrates, fats, and proteins. ln this section 43.3% of the 
normal subjects versus 56.6% of the abnormal subjects answered the questions correctly. 
Summary 
In summary, differences were noted, but not significant, in the percentage of 
correct answers in the pre-competition meal and special dietary concerns section. 
Notably, a significant difference was found (p<.05), for a question in the fluids and 
hydration section and pre-competition meal section. 
Table 5: Mean score (percentage) for the nutritional knowledge questionnaire (n=35). 
Category 
(Areas of Nutritional 
Knowledge) 
Overall Nutrition Knowledge 
(20) 
Fluids & Hydration 
(4) 
Nutritional Supplementation 
(4) 
Pre-Competition Meal 
(3) 
Special Dietary Concerns 
(5) 
General Nutrition 
(4) 
Nonnal 
n=t7 
59. 1% 
72.5% 
41% 
86.2% 
64% 
43.3% 
Abnonnal 
n= l8 
55.8% 
59.2% 
39% 
70.3% 
49% 
56.6% 
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SUMMARY 
The results of this study show that the only comparison in which a statistically 
si!:,rni ficant difference was found between the two !:,trOups was for two of the twenty 
nutritional knowledge questions (fluids and hydration & pre-competition meal). 
The investigation revealed no significant differences (p>.05) between the two 
groups of adolescents in terms of he ight, weight, and body composi tion. 
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The findings of this study revealed other important information about this 
specific group of adolescent female cross country runners. In terms of training mileage, 
a difference was found (p<.05) between the abnormal and normal groups in terms of 
miles run the first year they started to train. No difference was reported between the two 
groups for their current year in training. Also, only a few pounds weight loss was 
reported due to the training regimens of the athletes. Sixty-six percent of the abnormal 
group compared to 94% of the normal group reported their coach as being a primary 
source of nutritional information. Friends, magazines, and high school classes were 
found as the other forms of nutrition education. The questionnaire a lso revealed that 
94%of the normal and 61 % of the abnormal reported their coach did discuss the 
importance of nutrition with them. In terms of daily diet, protein was the one of the five 
food groups that the athletes neglected to consume in their daily diet. 
CHAPTER Y 
SUMMARY, DISCUSSION, AND RECOMMEND A TI ONS 
DISCUSSION 
The purpose of this study was to compare factors that may influence menstrual 
irregularities of female high school cross country athletes. 
Body Composition 
There were no significant differences in body composition between the nonnal and 
abnormal groups. The results of the present study were different than those from a study of ten 
top class female distance runners (mean age 13.6) who were part of a study conducted by Bale et 
al. , ( 1996). In this study the adolescent runners had a mean body fat percentage of 12.10 +/- 7.2 
compared to the mean of the two groups in the present study (±22.5%). They found that in 
comparison to normal data on females of similar age, the subjects in this group were shorter, 
lighter, had a lower fat mass, and percent fat. Only 40% of the runners had started to menstruate 
compared to 95% of girls similar in age. Overall , the study concluded that athletes practicing a 
low-calorie and low-fat diet, and high training load develop the type of physique that could lead 
to an abnormal menstrual pattern. Many times the physique of these athletes is thin, with low 
body fat percentages. Baker ( 1981) contends that a competitive distance runner should have an 
average of 15.2% body fat. The group of girls surveyed in the present study had an average of 
22.5% body fat , possibly indicating a lower competition level. This body fat percentage of 
22.5% is not abnormal for this adolescent age group, it is however, high for a runner who is 
considered to be a elite athlete. Therefore, it can be concluded that the subjects in this present 
study do not currently have the physiques consistent with elite runners. 
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A link may exist between low body fat and menstrual dysfunction. Fricsh ( 1974) 
postulated a critical weight of l 05 .6 pounds ( 48 kg) and a percentage of 17% body fat necessary 
for the establishment of normal menses. Frisch' s body fat threshold did appear to be unreliable 
due to the incidence of women who reported having a normal menstrual cycle while recording 
less than 17% body fat. Many times when a female athlete loses a significant amount of weight, 
they acquire some form of menstrual dysfunction. Carlberg et al. ( 1985) stated that athletes with 
menstrual irregularities were significantly lighter than athletes with normal menstrual function. 
Sanborn and Jankowski ( 1984) feel that the cause of menstrual irregularity is a 
combination of cascading problems starting with a negative energy balance. This all occurs due 
to a low caloric intake resulting in low body mass, low fat mass, and abnormal menstrual cycles. 
Finally, Baer ( 1993) conducted a study of ten abnormally menstruating girls with an 
average age of 16 years. These girls reported an average of 47.30 miles ran per week with a 
body fat of 16. 14 percent. 
However, no significant differences were found between the two groups in terms of 
percent body fat in the present study. Again, these athletes were high school cross country 
runners, not elite runners who were training for major events. It should also be noted that even 
though the subjects were participating in the cross country camp, the camp was held in mid-
summer. It is quite possible the athletes had not been training prior to arrival at the camp. 
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Body Weight 
The cause of menstrual irregularities has been blamed on weight loss, in accordance 
with low weight and body fat. Frisch and McArthur ( 1974) found instances of abnormal 
menstrual cycles in obese women who lost only l 0% of their body weight. Bullen et al . ( 1985) 
conducted a controlled study of two groups of college women. Both groups were involved in 
equally vigorous aerobic exercise programs. One group was held steady at their pre-
participation weight, while the other was allowed to lose weight. Menstrual abnormal ities were 
found only in the group allowed to lose weight. ln the current study, no significant differences 
were reported in body weight for the normal ( 11 5.65 lbs. ) and abnormal ( 11 3.3 lbs.) groups, or 
in fat free weight (89.2 lbs. vs. 87. l l 7 lbs.) between the two groups. Subjects were asked if 
they had experienced any weight loss as a result of their training. Seventy-five parent of the 
abnormal subjects ( 12 out of 16) reported weight loss (- 8.08 lbs.) pounds, versus 58.8% of the 
normal subjects (10 out of 17) who lost an average of6.8 pounds. In a literature review, Loucks 
and Horvath ( 1985) found that while body weights of amenorrheic athletes were relatively 
constant across several studies, the body weights of eumenorrheic athletes and the sedentary 
controls varied widely between the studies. While a link may exist between low body fat and 
menstrual dysfunction, research has been unable to prove this. Therefore it seems that body 
weight is a predictor of menstrual function, while appropriate weight must be assessed based on 
weight history, genetics, bone structure, and a self-reported ability to easily maintain a 
comfortable weight (Clark, Nelson, Evans, 1988). 
In summary, no reported differences were found in body weight between the normal and 
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abnormal menstruating athletes. Although no difference in weight loss was found, both groups 
reported weight loss. The reported weight loss of both groups was between 6 to 8 pounds. This 
low loss of weight is an important positive factor for this age group. Many times girls this age 
become obsessed with losing weight, that in tum may lead to an eating disorder. The fact that 
these girls are reporting weight loss, but in low amounts is a sign that they may not be actively 
trying to lose the weight. 
Exercise Historv 
Distance and intensity of training sessions are independent parameters of athletic 
training. The relationship between these variables and irregular menstrual cycles has often been 
evaluated, with conflicting results. It might be assumed that the typical physique of successfully 
trained cross country runners is thin and lean. Many times this thin and lean body is the result of 
intense training. In the present study, the normal subjects reported their average highest weekly 
mileage as thirty-one to sixty miles per week ( x=23.43 +/- 3.14 miles). Surprisingly, the 
abnormal group reported a range from twenty-one to thirty miles per week (x 15 +/- 1.59 miles). 
Baer ( 1993 ), conducted a study of ten abnormally menstruating athletes with an average 
age of 16 years. These girls reported an average of 47.30 miles run per week with a body fat of 
16.14%. Glass (1987), found similar trends in his study with 19% of the athletes studied 
suffering from abnormal menstrual cycles. These athletes were lighter and leaner, but were not 
running any further than the athletes in the present study. 
Feicht ( 1978) found that 6% of subjects running less than 10 miles per week experienced 
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abnormal menstrual cycles, while 43% of the athletes who ran more than 70 miles per week 
were amenorrheic. Drinkwater ( l 984) also distinguished athletes at risk for irregularities by 
their weekly mileage. The abnormally menstruating athletes were running an average of 4 l .8 
miles per week while the normal athletes were covering an average of 24.9 miles per week. This 
is a comparative number of miles to what the subjects in the present study reported. A training 
mileage threshold for the onset of abnormal menstrual function has not been determined. These 
studies show only that those athletes running a significantly greater distance are more prone to 
developing abnormal menstrual cycles. 
Witta and Stombaugh et al. ( 1996) reported that strenuous exercise, especially running 
long distances, is associated with menstrual irregularities. In their study, 27% of the subjects 
were being medically treated to regulate their cycles. Prior to the treatment they were classified 
as abnormal. A different view was shown by Wakat et al., ( 1982) in an unpublished study of 41 
cross country runners. They found no significant differences in weight or training mileage 
between normally menstruating and amenorrheic runners. The authors stated that, "We do not 
have good evidence to specifically implicate any one aspect of exercise as the cause of 
menstrual irregularity." 
ln summary, surprisingly in this study the normal menstruating athletes were reporting 
more miles run per week than the abnormal menstruating athletes. This could be for two reasons 
based on the commitment of the athletes and training schedule set up by each individual coach. 
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Nutritional Practices and Attitudes 
Forty-three percent of the abnormal group felt that they did not receive adequate 
amounts of protein in their daily diet versus 23.5% of the normal group. The most frequently 
reported food omitted from the subjects daily diet was red meat. A study conducted by Wiita 
and Stombaugh et al ( 1996) found that after three years of training, the runners studied were 
consuming significantly less protein than the recent recommended daily allowance (ROA). They 
noted that greater amounts of dietary protein may be necessary for female endurance athletes 
due to their activity level and the need to expend more energy. 
Bergen-Cico ( 1992) found that their study population of adolescent female cross country 
runners, ranging in age from 11-16 years dismissed meat as their source of protein, and 
consumed most of their protein from dairy and other complementary protein sources. The study 
conducted by Baer ( 1993) compared ten adolescent (mean age = 16 years) normally 
menstruating athletes versus ten abnormally menstruating age matched athletes. They concluded 
that the protein intake of the two groups was not significantly different. 
Jn the present study, 68.8% of the abnormal group had the perception of red meat being 
"bad" versus 70% of the normal group. The high percentages of both groups was a point of 
concern, many of the athletes are dismissing an important source for protein, at a very young 
age. Adolescent girls are in a stage of growing, and an important nutrient for proper muscle 
growth is protein. Deuster et al. ( 1996) reported that the results of his study did not support a 
regular pattern of vegetarianism in athletes with abnormal menstrual cycles. They found that a 
small percentage of women consumed red meats, none of their subjects were strict vegetarians, 
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and all consumed some seafood and poultry. Schwartz et al. ( 1981) reported that amenorrheic 
runners consumed a smaller percentage of their calories as protein than did regularly 
menstruating runners or nonrunners. In the present study, none of the subjects reported 
consuming seafood in their daily diet. The reason was not assessed, but one may conclude that 
lack of availability of seafood could be a possible explanation. 
Finally, it is important to add that the subjects felt their biggest barrier to eating was a 
combination of time and inconvenience. Fifty percent of the normal subjects felt that finding the 
time in their daily regimen to eat was a problem, versus 16.6% of the abnormal subjects. Sixty-
one percent of the abnormal compared to 17 .6% of the normal group agreed that inconvenience 
was a major barrier to eating healthy. This discovery is important to note. Eating healthy should 
not be considered an inconvenience, it should be an important part of an athletes day. T he 
abnormal athletes perceive eating as a "chore" when they should make time in the day to supply 
their body with the appropriate nutrients. It is important to note that the abnonnal subjects felt 
that something so important to their health could be such a barrier to their lifestyle. 
In summary, the major finding in this section revealed that protein was a nutrient lacking 
in many of the subjects' diets. Red meat was the most frequently reported food omitted from 
their diet, and more than half of the abnormal group had a perception of red meat as being "bad'. 
for them. This supports the literature on other female athletes who have a habit of dismissing 
red meat from their daily diet. Along the lines of avoidance, half of the abnormal and sixteen 
percent of the normal menstruating athletes felt that inconvenience was the biggest barrier to 
eating. This is cause of concern, considering an adequate diet is an important energy source for 
athletes. 
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Nutritional Knowledge Education 
Adolescent athletes are especially susceptible to the influence of others. In this study, 
the normai and abnormal groups both reported that they turned to their coaches for nutritional 
information. This would seem appropriate considering that the coach is normally who the 
athletes tum to for advice in terms of improving their levels of competition. These findings are 
consistent with the literature which concludes that the coach' s assessment of ability is an 
important factor in the young competitor's development (Updegrove and Achterberg ( 1 991 ). 
The athlete looks up to her coach as a role-model, and is eager to receive the benefits of the 
coach's expertise, including the areas of nutrition and weight control (Graves, Farthing, Smith, 
and Turchi, 1991 ). Conversely, a study by Southwick, ( 1981 ), found results which showed 
coaches to have no or minimal influence on what female athletes consumed. Perron, et al. 
( 1985), found differences in how his two groups of subjects felt about their coaches' 
responsibilities in relation to providing nutritional knowledge. He found that the majority of 
college students, compared with less than one-third of high school students, believed that the 
coach should be the source of nutritional knowledge. This difference may be due to the fact 
that at the college level the coaching staffs are usually larger. In the present study, other sources 
of information included magazines, friends, and high school classes. All of which are things 
that this age group comes in contact with on a daily basis. 
Hausauer ( 1995) performed a research study assessing the nutrition knowledge of high 
school athletic coaches. The study found that Illinois high school athletic coaches scored an 
average of 76 percent correct on a nutrition knowledge test. One-third of the coaches scored 
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greater than 80 percent correct, with only 4.5 percent of the coaches scoring below 50 percent. 
Overall, it was concluded that the athletic coaches showed superior knowledge in the area of 
nutrition. This is important with the findings of the current study which suggests that the coach 
is the leading source of nutritional information. Many of the coaches reported in Hausauer' s 
study did dispense nutrition advice to their athletes. 
The second highest scoring section in the current study was found within the fluids and 
hydration section. Ninety-three percent of the coaches studied reported giving advice on fluids 
and hydration. In addition, only 34 percent of the coaches in Hausauer' s study felt comfortable 
recommending types of nutritional supplements to their athletes. These findings are similar to 
the results of the current study in which the subjects had the lowest score in the nutritional 
supplementation category. 
Perceptions of Food 
The activities associated with the highest incidence of menstrual dysfunction are those 
with the requirement of maintaining a low body weight for competitive reasons. Although this 
study did not assess the caloric consumption of the subjects, the association between diet and 
athletic amenorrhea has been linked in several studies (Drinkwater, 1984, Nelson, 1986, Rigoni, 
1991 ). These studies revealed low and inadequate caloric intake among abnormally 
menstruating athletes. Nelson' s study ( 1986) showed an average caloric intake of 1730 
kilocalories (kcals) among women with menstrual irregularities. Meanwhile, normally 
menstruating women consumed an average of 2250 kcals. In the present study, the abnormal 
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subjects reported a lower intake of breads, pasta, fast foods, and sweets (Table 3). All foods 
which are stereotyped as being high in calories. Many people perceive these foods as being 
"bad" for them due to the high caloric or fat content. Clark et. al, ( 1988) revealed that a group 
of 18 irregularly menstruating subjects reported that they recognize the importance of eating a 
well-balanced diet. Unfortunately, many expressed guilt concerning their occasional intake of 
fats, sweets, and other so-called '-nutritional sins. ,, 
Conversely, Jonnavithula ( 1993) argues that low total caloric intake is not associated 
with menstrual dysfunction. This study showed similar low energy intakes between abnonnally 
menstruating athletes ( 1582 kcals) and nonnally menstruating athletes ( 1567 kcals). 
To reconcile the debate between low energy and its effect on abnonnally menstruating 
athletes, and their ability to carry out activities with high energy expenditure, it has been 
suggested that in a attempt to conserve energy stores, abnonnally menstruating athletes bodies 
have adapted to become metabolically efficient (Brownell, Steen, Wilmore, 1987). 
Therefore, many athletes who consume a restricted number of calories, should enhance 
their nutrition by learning how to select foods that supply good nutrition with limited calories. 
Many athletes choose to restrict their caloric intake by only consuming foods such as bagels and 
fruit. These nutritional choices are not considered to be bad, but are far from the energy 
requirements they need to fulfil\ daily tasks. 
Vitamin Consumption 
Fifty percent of abnonnal and seventy percent of nonnal runners were regularly taking 
vitamin and mineral supplements, while 50% of the abnonnal subjects and 30% of the nonnal 
never consumed vitamin and mineral supplements. 
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This coincided with the results from a study perfonned by Deustar et al. ( 1986 ), which 
found that fifty-nine percent of forty-four nonnal subjects versus 41%of12 abnonnal 
menstruating women were taking vitamin and mineral supplements. Parr et al. , ( 1984) states 
that there is no supportive evidence that an athlete' s perfonnance is enhanced by vitamin 
supplements. He further stated that the primary opposition to supplements is not their 
ineffectiveness but that athletes may tend to justify their poor eating habits by supplementing 
their diets with vitamins, minera ls, and protein. Dietary supplements combined with poor eating 
habits are common in many athletes, especially with those who are obsessed with losing weight. 
Nutritional Knowledge 
Chi-square analysis were perfonned to detennine if there were any statistically 
significant differences between each group when considering each individual question. 
ln question number nine, twenty-three percent ( 4 out of 17) of the nonnal group were not 
familiar with the fact that carbohydrate loading will not enhance perfonnance in sprinting events 
such as the 400 meter run. Forty-four percent (8 out of 18) of the abnonnal group answered the 
question about carbohydrate loading incorrectly. 
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The percentage of incorrect responses in the fluids and hydration section revealed that 
for question number two, the majority of the abnormal subjects incorrectly answered the 
question dealing with consuming of two, eight ounce glasses of water for every pound of weight 
lost is adequate for rehydration. Seventy percent ( 12 out of 17) of the normal group subjects 
answered the question correctly compared to 3 out of 18 or 16.6% of the abnormal group. 
Finally, t-tests showed no difference in mean total score between groups for all twenty questions. 
In the nutritional knowledge study performed by Perron, et al. ( 1985), he found that his 
irregularly menstruating subjects correctly answered the ··general nutrition" knowledge 
statements. Conversely, the subjects tended to be least knowledgeable about some popular food 
fallacies, i.e., good sources of quality protein, the need for concentrated sweets as energy 
sources, and the role of carbohydrates in the diet. He found that subjects tended to be less 
knowledgeable about protein in the diet, carbohydrate loading, and caloric expenditure during 
certain sports. Perron ( 1985), also concluded that the mean nutrition knowledge and attitude 
scores of the high school subjects studied, were the same as those reported in two other studies 
(Werblow et al. , and Annable) who used a similar questionnaire to survey college athletes. He 
recognized that both high school students and college students had common misconceptions 
about general nutri tion, specifically sources of quality protein. The current study revealed 
similar outcomes, the subjects dismissed red meat, a primary source of protein from their diet. 
Eighty-eight percent of the high school subjects in Perron' s study believed that the type of food 
they ate would have some affect on their performance. This again supports the current study 
which found that many athletes did not choose certain foods (sweets, breads) for fear of weight 
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gain and its overall affect on their performance. 
When analyzing the sub-groups of questions related to the same topic there were 
differences in the percentage of questions answered correctly. l ) The percentage of correct 
responses in the fluids and hydration section in the current study was higher for the normal 
subjects (72. 5%) versus the abnormal subjects (59.2%). 2) Subjects had the lowest percentage 
of correct responses within the nutritional supplementation category. Forty-one percent of the 
normal, and thirty-nine percent of the abnormal subjects, respectively, incorrectly answered the 
four questions in this section. 3) The athletes achieved the highest overall score in the pre-
competition meal subsection, with an 86.2% and 70.3% choice of correct responses for the 
normal and abnormal group respectively. 4) In the present study, 64 percent of the normal 
subjects answered the special dietary concerns portion correctly compared to only 49 percent of 
the abnormal subjects. This could be due to the dietary intake of these endurance athletes, 
especially the females who are attempting to lose weight. Many of the questions assessed 
specific parameters such as loss of weight, excessive exercise, and the prevalence of eating 
disorders. All of these questions are thought to be contributing factors to the onset of athletic 
amenorrhea. (5) Within the general nutrition section, the normal group reported 43.3 percent 
correct compared to 56.6 percent of the abnormal group. These questions focused on 
carbohydrates, fats, and proteins, all the essential ingredients to a healthy diet. lt is important to 
note that the abnormal subjects reported a higher percentage of correct answers, which could 
possibly mean that they are more conscience of the essential nutrients, even though they may not 
choose to practice a proper diet. 
Additional outside factors are believed to have an influence on the subjects' dietary 
practices. In addition, some of the questions assessed may not have been worded in a manner 
that this age of adolescents could easily convert to the ir current knowledge level. 
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In summary, the nutritional knowledge questionnaire did not prove to show significant 
differences between the two groups in an analysis of individual questions, although di fferences 
were shown when the questions from distinct sub-topics were grouped together and analyzed. 
Primarily di fferences were found in the in the pre-competition meal category and special dietary 
concerns category. 
SUMMARY 
Thirty-five adolescent high school female cross country athletes were recruited to 
compare height, weight, body composition, exercise history, menstrual history, dietary habits, 
and nutritional knowledge. The nutrit ion knowledge questions addressed topics such as fluids 
and hydration, nutritional supplementation, the pre-competition meal and its composition, 
special dietary concerns, and general nutrition. 
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Both groups did report their coach as the primary source of nutrition information. They 
also revealed that 94% of normal and 61 % of abnormal reported their coach did discuss the 
importance of nutrition with them, but were not aware of menstrual irregularities. 
In terms of training mileage, a difference was found (p<.05) between the abnormal and 
normal groups in terms of miles run the first year they started to train. Unfortunately, no 
difference was reported between the two groups for their current year of training. 
One group (normal, n= 17) consisted of girls who had a regular menstrual cycle, the 
second group (abnormal , n= 18) consisted of girls who had experienced irregular menstrual 
cycles within the past year. Anthropomorphic results did not show a significant di fference 
between the two groups (p<.05). The normal and abnormal subjects were the same age, height, 
weight, percent body fat, and had the same fat free body weight. A significant difference was 
shown (p<.05) between the two groups for two questions of nutritional knowledge 
questionnaire, focusing on the pre-competition meal and fluids and hydration. Differences were 
also noted in the percentage of correct answers in the following subsections: the pre-competition 
meal and special dietary concerns. 
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CONCLUSIONS 
The results which were obtained by the analyses of data have been summarized and are 
as follows: 
( l) No statistically significant differences between the nonnal and abnonnal group were 
found at the level .05 among any of the anthropometric measurements. 
(2) Significant differences among the groups remained for two of the twenty nutritional 
knowledge questions (fluids and hydration, pre-competition meal). 
(3) Significant differences among the groups were reported regarding the number of 
miles each subject ran their first year of training. 
( 4) The coach was reported as the primary source of nutritional infonnation. This was 
not found to be significantly different between the nonnal and abnonnal group. 
(5) No statistically significant difference between the two groups occurred when 
considering their current year in training; however, the nonnal group had higher group mean 
values than the abnonnal group. 
( 6) Statistical differences were not evaluated for each group of the five sub-sections; 
however, differences were noted in the percentage of correct answers within the pre-competition 
meal and special dietary concerns sections. 
(7) The nonnal group that did consume protein in their daily diet was seventy-seven 
percent compared to sixty-two percent of the abnonnal group. 
( 8) Time and inconvenience were reported as the biggest barriers to eating healthy by 
both groups. 
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(9) The normal group reported that 64.7% of their coaches were not aware that they were 
suffering from a menstrual abnormality compared to 94% of the abnormal group. 
Of the 35 runners tested, 18 (5 1 %) reported an irregular menstrual cycle. Abnormal 
menstruating runners tend to have lower body fat and often weigh less than normal menstruating 
runners. In addition, the training regimen is likely to be more intense, coupled with a low 
calorie low fat daily diet. 
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In summary, the results of this study indicate that adolescent female cross country 
runners may not be to the age or training level that the cessation of menstruation is caused by the 
factors that affect elite athletes (body weight, body fat, training regimen, and dietary habits). 
More specifically, the subjects assessed attended the camp during the summer, a time when they 
are not on a rigid eating or training schedule. Nutritional habits and practices begin to enter a 
runner's life early and with success. Menstrual irregularity is a multi-factorial problem, and can 
vary between runners. Poor nutrition can be a contributing factor and more specifically, low 
energy, low fat , and low calcium intakes, and a vegetarian diet, have all been associated with 
athletic amenorrhea (Collison, Kuczmarski , & Vickery, 1996). However, this study failed to 
find such an association possibly due to the young age of the subjects and their low training 
volumes. 
Recommendations for Future Studies 
l . Because adolescents are at a stage of change, future studies might consider using a smaller 
range of ages to pinpoint specific differences in body fat , body weight, menstrual history, 
exercise history, and nutritional knowledge. 
2. A diet analysis performed over a three day period with the use of a computer and personal 
interview to assess caloric intake and overall perception of food might aide in obtaining more 
detailed responses. 
3. Studies may wish to compare the same age group of runners, with athletes from different 
sports and assess the differences in body weight, body fat , caloric intake, exercise history, and 
menstrual history. 
4. Future studies could assess the possibility of eating disorders in this adolescent age group. 
5. Studies may choose to focus primarily on the adolescent's training intensity and quality of 
training techniques they rece ive at the beginning of their running career. 
6. Future studies could assess coaches to determine why they aren ' t aware of menstrual 
irregularities. 
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7. Longitudinal study following adolescent girls into their early to mid twenties. 
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Informed Consent for Nutritional Knowledge Survey 
I, _______________ , state that I wish to participate in the research 
project conducted by Dena Block. 
The purpose of this study is to examine the nutritional knowledge, menstrual 
history , exercise history , dietary habits of female high school cross country runners and 
non athletes. My participation involves approximately 10- 15 minutes of time filling out a 
questionnaire. 
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I understand that my height, weight and percent body far. that will be assessed on a 
separate occasion will be used along with this survey . Measurement of skinfold thickness 
will be assessed on the back of the right arm and right calf. The measurement will consist 
of a gentle pinch of skin . Measurement of skinfold impedance will consis t of holding a 
small device in hand for about ten seconds. A very small current which is undetectable to 
the subject will be sent through the body . 
The risk of participation in this study are minimal. Some participants may 
experience minor discomfort associated with pinching of arm and calf during skinfold 
measurement . 
I also understand that all the information gathered from the survey will only be 
seen by the researchers involved in the study. In no way will your identity be revealed m 
this study or to any teacher, coach, parent, or peer. 
Confidentiality is of utmost importance. 
l understand I can wi thdraw from this research project at any time without any 
questions being asked. lf I have any questions Dena Block has offered to answer them. 
I have read the foregoing carefully and I understand its content. Any questions 
which may have occurred to me concerning this informed consent have been answered to 
my satisfaction. l freely and voluntarily consent to my participation in this research 
project. 
Date 
------------~ 
Signature of Volunteer __________ _ 
Signature of Witness ___________ _ 
If you have any questions please contact : 
Dena Block 
24 West Buchanan Avenue Apt. # 21 
Charleston, II 61920 
(217) 348- 148 1 
Brian Pritschet. Ph .D. 
Assistant Professor , Exercise Science 
Department of Physical Education 
229 Lantz Building 
Charleston, IL 61920 
(2 17) 58 1-7586 
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DATA FORM 
NAME: 
AGE: 
YEAR IN SCHOOL: 
o Freshman oSophomore oJ unior o Senior 
HEIGHT: 
WEIGHT: 
PERCENT BODY FAT (SKINFOLD) 
------
PERCENT BODY FAT (IMPEDANCE) 
- ---- -
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NUTRITIONAL KNOWLEDGE QUESTIONNAIRE 
Dc::na Block 
Dear Athlete, 
My advisor (Dr. Brian Pritschet) and l are gathering data on the nutritional beliefs 
of high school cross country runners. This survey will take l 0- 15 minutes to complete. 
There are no right or wrong answers. The information contained within this survey 1s 
confidential and will not be shown by name with anyone other than researchers. 
Thank you in advance for partaking in this survey. Dena Block 
SECTION A: Circle the number of the appropriate response(s), or fill m the blank for each 
of the following nems . 
I. How old are you? 
- ---
years old 
2. When were you born? / _____ / _ _ __ _ 
month clay yc::ar 
3. What year in high school will you be entering in the Fall of 1998? 
o Freshman o Sophomore o Junior o Senior 
4. What is your racial or ethnic background? 
o White, not of hispanic origin o Hispanic 
o Black not of hispanic origin o American Indian/ Alaskan native 
o Pacific Islander o Asian 
INFORMATION SOURCES 
5. There are many different places or sources where you could learn about nutrition . 
From what sources have you received nutrition information? (Check all that apply.) 
o High School Classes o Friends/Family 
o Coacnes o A clinic. doctor's office or health service 
o Magazines, handouts, brochures o Teammate 
o Television o Somewhere else (Please Specify) 
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SECTION B: MENSTRUAL HISTORY: The ne'\t series of questions have t0 do with your 
menstruation (period). Please keep in mind that when we talk about your period we mean 
at least 2- days of bleeding that moderately to heavily fill either a tampon or sanitary 
napkin. (Note: lf you have not started your menstrual cycle, skip to section C) 
6. At what age did you begin to have your period? 
______ years old 
7. Month and year you began your per iod? / _ ___ _ 
MONTH YEAR 
8. Grade in school at onset of menstraurion 
-----
9. ln the PAST 6-MONTHS have you had a period? 
o Yes o No 
10. In the PAST 12-MONTHS have you had a period? 
o Yes o No 
11. In the PAST 12-MONTHS how many times have you had a period? 
umes 
------
12. On a average , HOW MANY DAYS between your period? 
rimes 
- -----
13. Since you had your first period have you EVER had LESS THAN TWO periods 
within a 12-MONTH time span? 
o Yes o No 
14. How many times has your period ceased for longer than 6-months? 
___ ___ rimes 
15. About how many months before you began to menstruate again? 
months 
- - ----
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SECTION C: EXERCISE HISTORY 
16 . During the time frame when you are not involved in cross country would you say 
you are phys ically more active, less active, or about as active as another person your 
age? 
o More active o Less Active o About as active 
17. While in season what is your average weekly mileage: 
First year running ___ _ _ 
Most recent year 
-----Describe any major fluctuations m mileage: 
18. While in training have you experienced any weight loss? 
Number of pounds lost (total) m length of time. 
l 9 . If you have experienced a change in your menstrual cycle, which of the following do 
you relate the change to? 
o Running/Training o Weight Loss o Other 
- - - - ---
l 9a. If you do suffer from menstrual dysfunction s, is your coach aware? o YES o NO 
l 9b. Does your coach ever discuss with you the importance of nutrition? o YES o NO 
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SECTION D HORMONAL CONTRACEPTIVES: The next ser ies of questions have to do with 
hormonal contraceptives or birth concrol pills. Remember the information contained within 
this is confidential! 
20. Have you ever taken birth control pills? 
o Yes (go to question 20a) 
o No (skip to question 2 1) 
20a. How old were you when you first s tarted taking birth control pills? __ Years Old 
20b. Do you take birth control pills now? 
o Yes (skip to ques tion 2 1) 
o No (skip to ques tion 20d) 
20d. How o ld were you where you when you stopped taking birth control pills? 
________ years old 
SECTION E DIETARY HABITS: This section of the survey deals with your personal dietary 78 
habits . Please circle or fill i11 the appropriate answer co the following questions : 
2 l . How would you rate your diet? 
o Excellent o Average o Below Average o Poor 
22. Which of the fo llowing foods do you eat daily? Please check all that apply. 
o Fruit o Breads 
o Vegetables o Pasta 
o Dairy o Red Meat 
o Poultry o Fast Food 
o Fish o Sweets 
23. Which of the following foods do you think are "bad" for you? 
o Eggs 
o Red Meat 
o Milk 
o Butter 
o Sugar 
24. Please list the foods you would like to eat but NEVER allow yourself to eat: 
25. Do you follow a restrictive diet? o YES o NO 
26. Are you a vegetarian? o YES o NO 
27. If no , do you eat adequate amounts of protein? o YES o NO 
28. Do you feel guilty after consuming added calories not in your normal diet? oYES oNO 
29. What is your biggest barrier to eat ing healthy? 
o Not enough time to eat 
o Inconvenience 
o Confused about what foods are he::\lthy 
o Expense 
o Don't enjoy the taste of healthy foods 
30 . Do you believe proper nutrition will help you live a longer life? o YES o NO 
3 l . Do you buy nut ritional supplements? o YES o NO 
32. If you answered yes to number 31, what type of supplements do you purchase? 
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Appendix C 
Nutritional Knowledge Questionnaire 
SECTION F NUTRITIONAL KNOWLEDGE: Please circle che response chat best represenrto 
what you think about eacti of the following statements. 
AGREE 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
DISAGREE 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
I. Body weight should be the primary factor used to 
determine if an athlete is at an ideal competitive weight. 
2. Consuming 2, eight ounce glasses of water for every 
pound of weight lost as sweat is adequate for 
rehydration purposes. 
3. Amino acids supplements are required for gains in 
muscle mass and decrease body fat. 
4. Exercise itself may increase an athlete's need for iron . 
5. Most of the athletes' energy for competition comes from 
che precompetition meal. 
6. Participation in excessive physical activity and 
disappearing immediately after eating are signs of a 
possible eating disorder. 
7. Athletes should be advised to drink moderate amounts of 
fluids frequently (every 15 to 20 minutes) during 
competition. 
8. Fat contains twice as many calories per gram as 
carbohydrates and proteins. 
9. Carbohydrate loading will enhance performance in sprinting 
events such as the 400 meter run . 
10 . Athletes are advised to eat a meal I /2 hour before 
competition . 
I I . Athletes can rely on thirst to ensure adequate fluid 
replacement during and after competition. 
12. Not considering water loss . weight loss faster than 2 
pounds per week may result in muscle breakdown. 
13. Vitamins are a source of energy for athletes. 
14. Excessive use of protein supplements can lead to 
dehydration . 
15. Steak and potaroes is considered a good pre-competition 
meal. 
A 
A 
A 
A 
A 
D 
D 
D 
D 
D 
16. Consuming sugar 5 t0 10 minutes prior to competition 
can impair an athlete's performance. 
17. Athletes following vegetarian diets that omit food groups, 
such as the meat and milk groups, may need to supplement 
nutrients such as calcium, iron , or vitamin 8 12. 
18. During endurance training, an athlete 's diet should be rich 
in protein and low in carbohydrates. 
19. A vitamin/mineral supplement is essential for most athletes . 
20. Exerci ses like the 400 meter dash and I 00 yard swim use 
carbohydrates as the major fuel source. 
THIS COMPLETES THE SURVEY. 
THANK YOU VERY MUCH FOR TAKING THE TIME TO PARTICIPATE. 
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Appendix D 
Nutritional Knowledge in Individual Sections 
Fluids and Hydration 
l . Consuming 2 eight ounce glasses of water for every pound of weight lost as sweat is 
adequate for rehydration purposes. 
2. Athletes should be advised to drink moderate amounts of fluids frequently (every 15 to 20 
minutes) during competition. 
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3. Athletes can rely on thirst to ensure adequate fluid replacement during and after competition. 
4. Consuming sugar 5 to 20 minutes prior to competition an impair an athlete's performance. 
Nutritional Supplementation 
5. Amino acid supplements are required for gains in muscle mass and decrease in body fat. 
6. Carbohydrate loading will enhance performance in sprinting events such as the 400 meter 
run. 
7. Excessive use of protein supplements can lead to dehydration. 
8. A vitamin/mineral supplement is essential for most athlete. 
Pre-Competition Meal 
9. Most of the athlete 's energy comes from the pre-competition meal. 
10. Athletes are advised to eat 'Ii hour before competition. 
11 . Steak and potatoes is a good pre-competition meal. 
Special Dietary Concerns 
12. Body weight should be the primary factor used to determine if an athlete is at an ideal 
competitive weight. 
13. Exercise itself may increase an athlete's need for iron. 
14. Not considering water loss, weight loss faster than 2 pounds per week may result in muscle 
breakdown. 
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15. Athletes following vegetarian diets that omit food groups, such as the meat and milk groups, 
may need to supplement nutrients such as calcium, iron, or vitamin B 12. 
16. Participation in excessive physical activity and disappearing immediately after eating are 
signs of a possible eating disorder. 
General Nutrition 
17. Fat contains twice as many calories per gram as carbohydrates and proteins. 
18. Vitamins are a source of energy for athletes. 
19. Exercises like the 400 meter dash and 100 yard swim use carbohydrates as the major fuel 
source. 
20. During endurance training a athletes diet should be rich in protein and low in carbohydrates. 
Appendix E 
Raw Data 
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·-----·- - -- - -
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Subject Group Ql Q2 Q3 
1 Abnormal 1 0 
2 Abnormal 0 1 0 
3 Abnormal 0 1 
. I 
4 Abnormal 0 1 
5 Abnormal 0 1 
6 Abnormal 0 0 
7 Abnormal 1 0 1 
8 Abnormal 1 0 0 
9 Abnormal 0 0 
10 Abnormal 1 0 0 
1 1 Abnormal 1 0 1 
12 Abnormal 0 0 0 
• 1 13 Abnormal 0 1 1 
14 Abnormal 0 0 
15 Abnormal 0 0 
16 Abnormal 0 
17 Abnormal 0 
18 Abnormal 1 0 
21 Normal 1 1 1 i I 22 Normal 1 0 1 f •··•· ·· .. I ... ......... 
· 1 I 23 Normal 1 I : 
.. . , 
24 Normal 0 
25 Normal 1 ! i 
26 Normal 1 1 I 
27 Normal 1 1 0 
28 Normal 1 1 
29 Normal 0 1 
30 Normal 1 1 
31 Normal 0 
32 Normal 1 0 
33 Normal 1 1 
34 Normal 1 1 
35 Normal 0 
36 Normal 0 
37 Normal 0 
----- -----
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Q4 QS Q6 Q7 Q8 
0 1 1 
0 0 0 1 
0 1 
1 l l I 
l 1 0 
l l l 
0 0 0 
1 
0 1 1 
1 1 0 
1 0 1 1 0 
0 l 0 , l 
0 0 0 0 
0 
0 
0 
0 l 1 
0 , 1 1 ; I - . ··; 
i l 0 0 .............. ... ·• 
I 1 1 
-·· 
0 l 0 ·- ........... ... ........ .. 
1 l l ... ........................... 
········ ... 
. .. 
I l 0 0 
..... I 1 · .• • · ............ : .. .... 
·····-·-····· .. 
I i. 1 1 l l I 
' l 0 l 0 l 
0 0 0 
. I 
l I 
.. 
0 1 0 I 
.... . ... I 
l 0 1 
0 
-· 
0 0 
······ 
l 0 l 0 
!··· 0 1 1 
I 0 0 
1 l l l 0 
l 0 1 1 
0 1 0 
!· 
I 
I·· 
Q9 
1 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
,...... . 0 
1 : .. -........ ···{ ·· 
r···.······ 0. 
I 1·. 
I . 
I 
I""·•• 
i 
' I 
I 
;. 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
··· ·· ·· 
...... 
.. ..... . ........... 
... 
············· 
.. 
Q10 Ql 1 
1 1 
1 0 
1 
0 
1 0 
1 
0 1 
0 0 
1 
1 1 
1 0 
1 1 
....... ... . .. 
1 0 
1 
................................... ,,, 
··············· .. ~ ................ 9 
1 
1 
0 
0 
1 
0 
1 
0 
• 
.. 
··-· 
.. ........ . ......... 
Q12 
1 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 
0 
1 
Q13 
1 
1 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
J ...... ·········· ..... o ..  
1 
... I 
I 
I 
i 
.I 
j 
l 
I 
···· 1 
.. ...•.... ·-·-····. ............ . . .. ··-·· ............. ·····-··· 
1 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
··I 
I 
· I 
•... j 
I 
.. i 
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Q_14 
1 
1 
I ········· Q 
I 0 ! .................. . 
I o 
...... 
:· 
1 
0 
1 
0 
0 
1 
0 
0 
Q_15 
1 
1 
1 
1 
1 
1 
Q16 Q17. 
.Qt? I ... 0 1 .. ................. 
·· ··········· 1 
0 1 1 
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